Axisymmetrical Gas Inflow in the Central Region of NGC 7331 by Battaner, E et al.
aa501 graphicx document
Axisymmetrical Gas Inflow in the Central Region of NGC 7331
E. Battaner 1, E. Mediavilla 2, A. Guijarro 3, S. Arribas 4 E. Florido 1
E. Battaner, battaner@ugr.es
Dpto. Fsica Teorica y del Cosmos, Universidad de Granada, Spain Instituto de Astrofsica de Canarias,
Tenerife, Spain Centro Astronomico Hispano Aleman, Almera, Spain Space Telescope Science Institute,
Baltimore, USA. Aliated with the RSS Department of the European Space Agency. On leave from the
IAC - CSIC Battaner et al. Axisymmetrical Gas Inflow in the Central Region of NGC 7331
New Integral Field Spectroscopy of the central region of NGC 7331 reveals strong Hα emission in the
well-known CO and HI ring of NGC 7331. The [NII]/Hα ratio indicates that a large scale stellar formation
process is taken place at the ring in agreement with previous hypothesis about the exhaustion of gas in the
inner to the ring region. The dynamics of stars and gas are not coupled. There is a ring of peculiar velocities
in the ionized gas velocity map. These peculiar velocities can be well interpreted by the presence of an
axisymmetric inflow of 40 km/s at the inner boundary of the large-scale gaseous ring. We infer an inwards
total flux of 1.6 Myr−1. This value is typical of the accretion rates in hypothetical large nuclear black
holes. Despite the large dierences in the scales of the nucleus and the gas ring of NGC 7331, we suggest
that this inwards flux is feeding the nucleus. galaxies: active - galaxies: individual: NGC 7331 - galaxies:
kinematics and dynamics - galaxies: spiral
Introduction Peculiar motions are frequently detected in active galaxies where the existence of sev-
eral kinematically distinct gaseous systems, some of them suering radial outward movements, has been
attributed to the influence of the active nucleus (Garca-Lorenzo et al. 1999, 2001, Arribas et al. 1997,
Mediavilla & Arribas 1993). The outflow of gas close to the nucleus is relatively easy to detect because of
the large velocities involved (of the order of 100 km/s) and of the direct illumination from the strong active
source. Inflow of gas seems to be much more dicult to observe as it is presumably caused by less out-
standing mechanisms than the nuclear activity. However, it is very important to detect since inflow should
provide the matter that will eventually accrete into the nuclear black hole. To study the influence of the
environment on the nucleus we will present new results about the kinematics in the central region of NGC
7331. Some peculiarities previously detected in the ionized gas velocity eld of this galaxy (see below) make
it specially interesting for this kind of studies.
The large scale gas distribution in NGC 7331 is ring-like as rst detected by Bosma (1978) in HI,
Telesco et al. (1982) from NIR colors and Young and Scoville (1982) in CO. The ring is conrmed in other
wavelengths and is taken today as a prototype gas ring.
Bower et al. (1993) used optical long-slit spectra to show that their models without a central black hole
t the observational data. However, there is an unresolved LINER nucleus (see, for instance, Cowan et al.,
1994), so this galaxy could harbour a massive black hole of 5× 108M. This is supported by the motion of
ionized gas ([NII] + Hα emission line) reported by Afanasiev et al. (1989) in the 0.2-0.4 kpc (2.8-5.6 arcsec)
zone and by the discovery of a nuclear X-ray source by Stockdale et al. (1998) using ROSAT.
The existence of a bar has been suggested from non-circular motions by Marcelin et al. (1994) and von
Linden et al. (1996). However the I and K band photometry in the central regions carried out by Prada et
al. (1996) did not indicate any signicant barred morphology.
In the central kpc, Bottema (1999) found that the emission line gas (for R ≤ 40 arcsec) seems to rotate
slower than the stars. An explanation of the observations would consist in an inclined and warped gaseous
plane.
Using 2D spectroscopy, Mediavilla et al. (1997) concluded that the kinematics of the stars and most
of the ionized gas are decoupled. These authors found that the kinematic axes of the ionized gas velocity
map are distorted and rotated with respect to the stars, something that can be interpreted in terms of radial
movements. However, the reduced eld of view of the available velocity maps (about 7" × 7") makes dicult
to verify this interpretation.
In this letter we are going to present new Integral Field spectroscopy covering the central 30" × 30" of
NGC 7331, with the aim of understanding the kinematics of the region surrounding the nucleus.
Observations and reduction
NGC 7331 was observed with INTEGRAL (Arribas et al. 1998) in combination with the ber spectro-
graph WYFFOS (Bingham et al. 1994) the 15 of July of 2001. The spectral resolution and coverage were 4.8A
1
and 1445A respectively.Thecentralwavelengthwas6200A.Fromthewavelengthcalibrationweestimatethattheuncertaintyinv
34" and an outer ring of 90" in diameter. Four exposures of 600s each were taken from the central region of
NGC 7331. These frames were combined to increase the S/N ratio and to reject the cosmic rays. Posteriorly,
the spectra were extracted, calibrated in wavelength, and corrected from throughput. The reduction steps
were made using the INTEGRAL data reduction package running in IRAF. More details about the reduction
procedure can be found in Arribas et al. (1991).
For several spectral features of interest we have determined a grid of values at the locations of the bers
at the focal plane and have interpolated a map of the selected feature (see, e.g., Arribas et al. 1999).
In Fig. g:maps we show the resulting intensity and velocity maps. The stellar continuum corresponds
to the ∼ 5730-6800A, spectral range. The stellar velocity map has been obtained by cross correlating the
spectra in the ∼ 5600A-6850A wavelength interval using the nuclear spectrum as template. We also present
intensity and velocity maps obtained from the multi-Gaussian t of the Hα+[NII]λλ6548, 6583 blend. The
nuclear spectrum is very similar to the ones obtained from the same region by Filippenko and Sargent (1985)
or Mediavilla et al. (1997) and shows a strong Hα absorption (Mediavilla et al. give a description of the
nuclear spectrum of NGC 7331 in comparison with that of M31). To avoid the influence of the strong Hα
absorption in the determination of the velocity and intensity maps, we have considered in the ts an extra
component representing this absorption feature (see Mediavilla et al. 1997, for details).
gure* gure1.ps Intensity and velocity maps for NGC 7331 (see text). The intensity maps isophotes
(arbitrary units) are logaritmically scaled. The steps between consecutive isophotes are 0.31, 0.18, and 0.25
for the continuum, [NII] and Hα maps, respectively. The step between two consecutive iso-velocity lines
is 35 km/s. Approaching (receding) velocities correspond to blue (red) colors. The dashed isovelocity line
corresponds to v =830 km/s, the systemic velocity according to Mediavilla et al. (1997) g:maps
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